
NASA TECHNICAL TRANSLATION 
h 
0-3 
0 

0 4  

I 
LL 

I- 
I- 

n - 

T- 76018 
/ 6 f 9 3  

NASA TT F-12,097 

REACTtVlTY OF THE ORGANISM DURING LONG DURATION 
SPACE FL I GHTS 

P. v. 

Translation o f  "Reaktivnosti Organizma v Usloviyakh 
D1 i tel inykh Kosmicheskikh Poletov" 

Paper presented at the Third International Symposium on 
the Basic Environmental Problems of Man i n  Space, 

Geneva, Switzerland, 15-19 November, 1968, 10 pages 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
VASH I NGTON , D. C. 20546 JANUARY 1969 



NASA TT F-12,097 

REACTIVITY OF THE ORGANISM D U R I N G  L O N G  DURATION 
SPACE FLIGHTS 

P.  V .  Vasilyev 

ABSTRACT. It has been e s t ab l i shed  t h a t  we igh t l e s sness  and ' 

hypodynamia produce c e r t a i n  changes i n  t h e  func t ion  of 
c i r c u l a t i o n ,  r e s p i r a t i o n ,  excre t ion ,  t h e  analyzer  and 
regulatory systems a s  w e l l  a s  i n  var ious metabolic 
processes .  T h e  reorganizat ion of these systems leads to 
changes i n  t o t a l  r e a c t i v i t y  c lose ly  r e l a t ed  t o  body 
r e s i s t ance .  T h i s  paper presents  an ana lys i s  of the 
l i t e r a t u r e  da ta  and au tho r s '  f i nd ings ,  ind ica t ing  tha t  
w e i g h t l e s s n e s s  and hypodynamia r e s u l t  i n  reduced or tho-  
s t a t i c  and v e s t i b u l a r  to le rance ,  increased s u s c e p t i b i l i t y  
to in fec t ion ,  decreased r e s i s t ance  t o  acce le ra t ion  and 
physical exe r t ion ,  and a l t e r e d  r e a c t i v i t y  t o  drugs. 

As we know, extended space f l i g h t s  w i l l  be  accompanied by t h e  e f f e c t s  o f  
q u i t e  a number of  f a c t o r s  on t h e  human body during t h e  per iod when t h e  space- 
craft  i s  placed i n  o r b i t :  no ise ,  v ib ra t ion ,  acce le ra t ions ,  g r e a t  nervous and 
emotional s t r e s s  and, during o r b i t a l  f l i g h t ,  such f a c t o r s  as dynamic weight less-  
ness ,  hypodynamia, a l t e r e d  gas medium, unusual,  aper iodic  a l t e r n a t i o n  of "day 
and night",  etc. 
f a c t o r  taken ind iv idua l ly ,  t h e i r  combined a c t i o n  due t o  [ i l l e g i b l e - t r ]  and 
[ i l l e g i b l e - t r ]  may be  q u i t e  e s s e n t i a l .  
of each f a c t o r  i nd iv idua l ly  and, p a r t i c u l a r l y ,  t h e i r  combination on t h e  
func t iona l  s t a t e  of man r equ i r e s  c a r e f u l  s tudy.  The [ i l l e g i b l e - t r ]  s tudy i s  
t h e  inf luence  o f  weight lessness .  

In  s p i t e  of t h e  moderate expression of t h e  e f f e c t s  of each 

Therefore,  t h e  problem of t h e  inf luence  

The o r b i t a l  f l i g h t s  which have been preformed and t h e  materials produced by 
modeling t h e  weight less  s t a t e  by long term hypodynamia while immersed or  by bed 
r e s t  have shown t h a t  considerable  func t iona l  adjustments occur i n  a number o f  
organs and systems of t h e  human body. 

I t  has been f i rmly  e s t ab l i shed  by the  works of a number of  authors  t h a t  
weight lessness  and hypodynamia lead t o  e s s e n t i a l  changes i n  t h e  i n d i c a t o r s  of 
hemodynamics, r e s p i r a t i o n ,  t h e  organs of excre t ion ,  t h e  analyzer  func t ions ,  
t h e  r egu la to ry  system of t h e  organism and var ious  types of metabolism 
IN. V. Buyanov, e t .  a l . ,  1967; K .  Ye. Panforova e t .  a l . ,  1967; V. V. Pa r in  e t .  
a l . ,  1967, 1968; V. S .  Katnovskiy, 1967; A. A. Korobova and Yu. B. ? Inichenko, 
1968; Ye. M. Yuganov e t .  a l . ,  1963; G .  L. [ i l l e g i b l e - t r ]  V. I .  Kdpanev, 1962; 
D. L .  Myasnikov e t .  a l . ,  1968; I.  V. Fedorov et .  a l . ,  1967; R. W .  Eawton, 1962; / 
D.E.  Graveline,  19?2; E. Muller,  1963; W. F. Neuman, 1960?; Grabiel  e t .  a l . ,  
1964; F. B. Vozis, 1968; D. F. D ie t l e in ,  1964; 0. Gauer et .  a l . ,  1965; 
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e s s e n t i a l  s t r u c t u r a l  and morphological changes. 
and of t h e  morphological d i so rde r s  i n  t h e  inves t iga t ions  performed has depended 
on t h e  type and ind iv idua l  p e c u l i a r i t i e s  of t h e  organism, t h e  na tu re  of t h e  
model used and i t s  durat ion.  

The depth both of  t h e  func t iona l  

Natural ly ,  t h e  func t iona l  and morphological adjustments noted i n  the  
systems mentioned above should lead t o  changes i n  t h e  t o t a l  r e a c t i v i t y  o f  t h e  
organism, c lose ly  r e l a t e d  t o  i t s  r e s i s t ance .  
experiments t o  determine t h e  o r t h o s t a t i c  s t a b i l i t y ,  to le rance  t o  exh i l a ra t ions ,  
v e s t i b u l a r  s t a b i l i t y ,  s e n s i t i v i t y  t o  in fec t ion ,  t h e  effects of  pharmacological 
prepara tes  and o the r  f a c t o r s .  

This has  been confirmed ‘in 

Actual ly ,  a number of authors  have shown c l e a r l y  t h a t  af ter  t h e  completion 
of space f l i g h t s  by t h e  cosmonauts (0. G. Gazenko, A. ? [ i l l e g i b l e - t r ] ,  1965; 
P. V. Buyanov e t .  a l . ,  1966; C. A. Berry, 1962; Digiovani, 1964; L. E .  Lamb, 
1964 and many o thers  ),  as well a s  i n  experiments modeling t h e  weight less  s t a t e  
(?. I .  Kakurin, B .  S.  Katkovskiy, 1966; ?. D .  Pestov, 1968; B.  ?.  As?molov, 
A.  D .  Voskresenskiy, 1968; L .  Kakurin, 1968; A. V .  Korobkov e t .  a l . ,  1968; 
P .  V. Miller e t .  a l . ,  1964; J .  E .  Thomas e t .  a l . ,  1964 and many o thers  ) during 
t h e  performance of t h e  o r t h o s t a t i c  t es t ,  more expressed changes are observed on 
t h e  p a r t  of t he  cardiovascular  system than i n  t h e  i n i t i a l  d a t a  which i n  many 
cases has led  t o  o r t h o s t a t i c  co l lapse .  

I n  our experiments (N. V.  Vasil’yev, A. R. Kotovskaya, 1965), as well as i n  - / 3  
t h e  inves t iga t ions  of o ther  authors  (A.  R. Kotovskaya e t .  a l . ,  1967; P. V .  Miller, 
S .  I). Leveret t ,  1965) a f t e r  extended (20-70 days) hypodynamia, a decrease i n  
t h e  r e s i s t a n c e  t o  exh i l a ra t ions  by an average of 1.5-2 G i  has been noted. 
When subjected t o  equal values  o f  exh i l a ra t ions ,  t h e  t e s t  sub jec t s  showed a 
h igher  func t iona l  stress of  t h e  p r i n c i p a l  psychological systems of t h e  organism. 
Thus, when t h e  t e s t  sub jec t s  were subjected t o  exh i l a ra t ions  of 8-9 G, 
t he  mean pulse  frequency a f t e r  hypodynamia was 170 5 1.1 bea t s  per  minute, 
whereas during cont ro l  experiments t h e  same tes t  subjec’ts showed a pulse  r a t e  of 
149 k 18 bea t s  per  minute. S imi la r  [ i l l e g i b l e ]  were observed i n  t h e  r e s p i r a t o r y  
ind ica to r s .  

I n  our experiments (E. V. Lopayev) we noted a decrease i n  t h e  threshold of 
s t a b i l i t y  of t h e  v e s t i b u l a r  apparatus i n  i t s  to le rance  t o  l i n e a r  exh i l a ra t ions  
and rocking f o r  a long time a f t e r  hypodynamia. 

I t  seems important p a r t i c u l a r l y  t o  e s t a b l i s h  t h e  f a c t  of  t h e  decrease i n  
immuno b io log ica l  r e a c t i v i t y  under condi t ions of  long term hypodynamia. Kraus 
and Raab (H. Kraus, W. Raab, 1961) , Lawton ( R . -  W .  Lawton, 1962) and o thers  have 
shown t h a t  s t r ic t  bed rest i n  many cases leads t o  se r ious  complications i n  t h e  
form of  pneumonia, aggravation of [ i l l e g i b l e - t r ]  d i sease ,  thrombosis of t h e  
ve ins ,  etc. G. N .  Mikhaylovskiy e t .  a l .  (1967) noted i n  t h e i r  t e s t  sub jec t s  
i n  experiments involving 62 days hypodynamia cases of rh ino la ryng i t i s ,  infec-  
t i o n s  o f  t h e  upper r e s p i r a t o r y  t ract ,  and p e r i o d o n t i t i s .  I n  our experiments 
involving 70 days hypodynamia, w e  observed complications i n  t h e  form of acute  
o t i t i s ,  [ i l l e g i b l e - t r ] ,  u r e t h r i t i s  and [ i l l e g i b l e - t r ] .  These complications, 
doubt less ,  a r e  a resul t  o f  a decrease i n  t h e  n a t u r a l  r e s i s t a n c e  of the  organism 
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i n  i t s  var ious  l i nks .  Actual ly ,  t h e  works of ? .  ?. Kozar’ (1966) and G .  P.  
Mikhaylovskiy e t .  a l .  (1967) c l e a r l y  showed t h a t  during hypodynamia, a depres- /? 
s ion  of t h e  phagocytic a c t i v i t y  of t h e  blood occurs,along with a decrease i n  
t h e  l e v e l  of properdine,  and a d e t e r i o r a t i o n  of  t h e  lysozyme a c t i v i t y  i n  t h e  
g a s t r i c  j u i ce ,  p lus  a decrease i n  t h e  b a c t e r i c i d a l  funct ion of  t h e  sk in .  

Doubtless, d i seases  which may a r i s e  during f l i g h t ,  as  well as t h e  neces- 
s i t y  i n  c e r t a i n  cases  of increasing t h e  r e s i s t a n c e  of t h e  cosmonauts’’ organisms 
t o  extreme f a c t o r s  i n  t h e  ex te rna l  medium ( ioniz ing  r ad ia t ion ,  hypoxia, 
exh i l a ra t ion ,  e t c . )  may r e q u i r e  t h e  usage of drugs. A s  we know, during t h e  
f l i g h t  of t h e  Apollo 7 spacec ra f t ,  W. Schi r ra ,  D .  Eisele, and W. Cunningham 
were forced t o  take drugs f o r  t he rapeu t i c  purposes. 

However, it has been e s t ab l i shed  t h a t  i n  prescr ib ing  drugs it i s  q u i t e  
important t o  consider  t he  r e a c t i v i t y  of t h e  organism, s ince  t h e  same chemical 
(pharmacological) substance,  taken i n  t h e  same dose, may under c e r t a i n  condi- 
t i o n s  (with c e r t a i n  func t iona l  s t a t e  of t h e  organism) be of doubt less  a i d ,  and 
under o t h e r  condi t ions may do u n j u s t i f i e d  harm (V. Ye. Velay e t .  a l . ,  1966). 
Actual ly ,  i n  experiments with var ious types of animals it has been e s t ab l i shed  
t h a t  exposure t o  long term t ransverse  exh i l a ra t ions ,  an increased s e n s i t i v i t y  
t o  card iac  glycosides ,  na rco t i c s  and c e r t a i n  o the r  prepara tes  and a decreased 
s e n s i t i v i t y  t o  ana lep t i c s  and ana lges ics  a r e  observed; t h e  r eac t ion  of t h e  
organism t o  the  in t roduct ion  of vege ta t ive  nervous system mediators is  changed 
(V. Ye. Velay e t .  a l . ,  1964, 1965, 1967; V.  V.. Par in  e t .  a l . ,  1965). For 
example, as w e  can see  from Figure 1, t h e  increase  i n  motor a c t i v i t y  of white 
(mice?) a f te r  t h e  in t roduct ion  of phenainine a f t e r  exh i l a ra t ion  was l e s s  sharply 
expressed then t h a t  of con t ro l  animals,which ind ica t e s  a decrease i n  t h e  
s p e c i f i c  e f f e c t  of t h i s  prepara te .  

I n  our  experiments, we a l s o  produced d a t a  ind ica t ing  a decrease i n  t h e  /5 
analges ic  effect of  promodol a f t e r  t h e  e f f e c t s  of t ransverse  exh i l a ra t ion .  For 

. example, i n  experiments on r a b b i t s  it was e s t ab l i shed  t h a t  t h e  increase  i n  t h e  
l a t e n t  per iod of t h e  motor r e f l e x  t o  a pa infu l  st imulus a f t e r  i n j e c t i o n  of t h i s  
prepara te  during t h e  a f t e r  e f f e c t  per iod of exh i l a ra t ion  was e i t h e r  absent o r  
t h e  dev ia t ion  of t h i s  i nd ica to r  was considerably less sha rp ly  expressed 
(Figure 2 ) .  
condi t ions i s  a l s o  ind ica ted  by t h e  r e s u l t s  of experiments studying t h e  t o x i c i t y  
of t h e  prepara te .  Actually,  as we can see  from Figure 3,  t h e  su rv iva l  ra te  of 
animals given l e t h a l  doses of t h i s  ana lges ic  a f t e r  exh i l a ra t ion  was higher  than 
i n  a con t ro l  group. 

The decrease i n  t h e  pharmacological e f f e c t  of promodol under these  

I t  has  been e s t ab l i shed  i n  repeated inves t iga t ions  t h a t  t h e  r eac t ions  of an 
organism damaged by penet ra t ing  r a d i a t i o n  t o  drugs depends on t h e  degree of t h e  
r a d i a t i o n  s ickness ,  t h e  t i m e  of i t s  development, t h e  dose and t h e  na ture  of t h e  
prepara te  (V. V. Belay e t .  a l . ,  1961; N. V. Vasil’yev and N. V. Sansonov, 1958, 
etc.) .  I n  some cases we s e e  an increase ,  i n  o the r  cases  a decrease,  while i n  
s t i l l  o the r  cases we s e e  an invers ion  of t h e  r eac t ion  t o  t h e  substances used. 

A change i n  t h e  composition.of t h e  surrounding gas medium (hypercapnia, 
hypoxia) a l s o  can cause a l t e r a t i o n s  i n  t h e  r e a c t i v i t y  of t h e  organism t o  

3 



pharmacological substances (N.  M. Dmitriyeva, 1960; S. N .  Sor?nson, L. N. 
Post???ova, 1952, e t c . ) .  We have e s t ab l i shed  t h a t  i n  a gas medium with an 
increased  content  of carbon d ioxide  (3- lo%),  t h e  s t imu la t ing  e f f e c t  of ana- 
l e p t i c s  ( ca f f e in ,  corasole)  on t h e  r e s p i r a t i o n  of r a b b i t s  is decreased consid- 
e rab ly  o r  does no t  appear a t  a l l .  

Under similar experimental  condi t ions ,  t h e  pharmacological e f f e c t  of  
fenamin . i s  decreased. 
s tudy of t h e  motor a c t i v i t y  of white mice upon i n j e c t i o n  Of 
[ i l l e g i b l e - t r ]  condi t ions  and i n  var ious  media [predisposed?f t h e  animals t o  
t h e  [ i l l e g i b l e - t r ]  gas medium (Figure 4 ) .  A t  t h e  p re sen t  t ime, d a t a  a r e  
a v a i l a b l e  produced both i n  experiments with animals and i n  experiments with 
man i n d i c a t i n g  t h a t  t h e  s e n s i t i v i t y  of t h e  organism t o  pharmacological agenLs 
changes a f t e r  hypodynamia. For example, M. A. Kravchuk and V.  G .  [ i l l e g i b l e -  
tr] (1968)performed experiments with white mice which ind ica t ed  t h a t  a f t e r  
37 days zf hypodynamia, t he  e n t i r e  s t a g e  o f  na rcos i s  af ter  tak ing  barbamyl 
shows a number of p e c u l i a r i t i e s ;  t h e  e x c i t a t i o n  s t a g e  occurs more r a p i d l y ,  t h e  
s l e e p  s t a g e  comes more slowly, and t h e  du ra t ion  of  s l e e p  is s h o r t e r .  
o the r  hand, i n  our  experiments performed with white mice, hypokinesia l a s t i n g  
14 and 28 days was accompanied by an increased  depth and du ra t ion  of [ i l l e g - -  
i b l e - t r ]  na rcos i s  (V. V. Baley, G .  D. Gled) which, obviously,  r e s u l t s  from t h e  
development of  processes  of  i n t e r n a l  i n h i b i t i o n  i n  t h e  b ra in ,  a s  noted by 
R .  [ i l l e g i b l e - t r ]  (1968) under a c t u a l  f l i g h t  condi t ions  of weight lessness  i n  
apes. 
weight lessness  with htiman sub jec t s ,  a change i n  the  r e a c t i o n  of  a number of 
primary i n d i c a t o r s  cha rac t e r i z ing  t h e  func t ion  of t h e  cardiovascular  system 
was noted ( [ i l l e g i b l e - t r ]  , average, f i n a l  c y s t o l i c  and pu l se  pressure ,  blood 
volume pe r  bea t  and pe r  minute, r a t e  of  propagation of  pu lse  wave, e t c . ) .  

This  is  indicated.  i n  p a r t i c u l a r  by t h e  r e s u l t s  of a 
henamine under 
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On t h e  

when s t r i c h n i n e ,  c a f f e i n  and phenamine were used i n  experiments imi t a t ing  

The m a t e r i a l s  a v a i l a b l e  do not  allow us  p r a c t i c a l  recommendations, bu t  
they do conclusively i n d i c a t e  t h e  importance of  performing inves t iga t ions  i n  
these  a reas .  

Thus, even a b r i e f  review -of t h e  problem, it seems t o  us calmly i n d i c a t e s  
t h a t  weight lessness  and hypodynamia, which w i l l  be cons tan t  condi t ions i n  
space f l i g h t s  i n  t h e  near  f u t u r e ,  cause an e n t i r e  range of func t iona l ,  b io-  
l o g i c a l  and morphological changes i n  t h e  organism, leading t o  a change i n  i t s  
o v e r a l l  r e a c t i v i t y .  
has not  received i t s  deserved a t t e n t i o n  u n t i l  now, p a r t i c u l a r l y  t h e  a t t e n t i o n  
of [ i l l e g i b l e - t r ]  and pharmacologists respons ib le  f o r  t h e  determinat ion of  t h e  
[ i l l e g i b l e - t r ]  medical support  of long term space f l i g h t s .  

/7 
However, unfor tuna te ly ,  w e  must admit t h a t  t h i s  problem 
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